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A. . Overview 





•^s.^i.^^^^^^ expressed during and after the consultation . 

'■^i'^4^^!^0^^^f!^tW.& the information of Unesco experts and others invited ' 

projects. The document as assembled 
accumulated before, during, and after the three-day , session in 
1 svlt^^ it be relied upon 

. .^^i.^.;^.,r->- ^ - , reference for specific decisions about individual projects. Notes 

included to indicate where and how it could be revised and elaborated 

■ '-■■'^''';%:VP:,/^T)iei-:other two documents coming out of the consultation are more suitable for ' 
.distribution and decision making. "General guidelines for instructional use 
of computers" includes comment on management, operations,' costs; materials 
development, evaluatipn, introduction into schools, and transfer of findings 
from" one project to another. In response to the program proposed by Spain, 
Unesco staff and a consultant prepared "Proposals for further investigation 
in Spain for a possible teacher training project." The more detailed state- 
ment which follows should provide background and supporting arguments of 
interest to the informed user and critic of the other two documents. In f 
it should not be used without the other two documents since the recommendations 
which appear there have not always been reproduced in the background notes 
which' follow. < 

Before reading a summary of answers to the 14 questions put by the Unesco 
Secretariat, the reader may wish to review some of the. remarks made by the 
experts about computers, educational technology, and developing countries. 
These ideas have been assembled in an outline format (pages 3- is 
easy to skim but lacking in detail. , /-"'v 

The domain of computer use under consideration is described lii Attachment 
III. Use of the label "CAI" has been avoided except where the meaning (in 
the limited sense of computerized tutorial or the broad sense of any computer 
use) is clear. Failure to describe the reference of the acronvm Is confusing 
to those who are not familiar with the specific applications and systems for 
which reference is implied, especially when costs, student attitude, and 
teacher role are being discussed. ^ . V 

Beginning on page 5 the points of view expressed in discussion which have a 
bearing on the questions put to the participants by Unesco are listed in the 
approximate order in which the questions were considered during the consulta- 
tion; original question numbers are given In parentheses after each question 
heading. Comments ma4e if^ 

with which they seemed to be most closely associated. 

The group perceived Its purpose to be to provide some basis for Unesco 
response to Inquiries from Member States, and for decisions about one or' 
more projects how being' formulated. This report of the consultation Includes 
judgments about the present state of the technology, some projection of ^ ? 
capabilities and needs i suggested planning assistance for the project in ' 
Svain under consideration, and a list of resourcies for future consultation 
both general and specific, i.e., information sources, technical experts. 
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Characteristics of the situation 
; l> Cha,racteflstlcs o f a computer with implications for Its role In Ins true tioh 

aV Speed of execution of very simple operations such as compute, compare, 
move, and transfier. 

^V^^ access to information coded as numbers, text, structures^ 

^ and procedures ; 

c. Rather constrained communication with users since Information must 
get In and out of computers through relatively limiting devices, 

d. Hence, computers help with repetitious tasks having slight variations. 

... , ■ , ' \ 

e . Information and procedures must be well structured; and data are coded 
V on entry, often at a keyboard for economy, and output is vfsuiilly 

limited to text or simple graphs* 

In general: computers (and information processing systems) provide a physical 
counterpart for the concept of "procedure" which each year gains increasing 
importance In education, vocations, and dally life. 

Hence , suitably prog^as^ for self- test of pro- 

cedures as the learner conceives them, and a self-cHeck on his understanding. 

More than that , Informal ion processing and display systems provide a means 
for pursuing creative work ordinarily considered beyond the realm of pro- 
cedure, algorithm, and deduction. ' 

This list of characterlst i cs might be expanded and elabbrated by Zlnn with 
the benefit of a critical reading by Donlo and Brownv 

2. Charact eristics of educrtlonal technology; with Implications for developing 
countries ' " 

.a. Kinds of educational technology show great variability w^ 

to cost , reliability , requirements for expert maintenance, portability, 
local\productlon of materials, and other factors. 

b. Models for development pf leaitiing^^^^m 
the materials themselve^s. 

Requirements for (and difflcilties of) local participation need 
discussion. 

This list of characteristics might be expanded and elaborated by St olurbw 
with the benefit of a critical reading by Leith and Sllberman. 

? • Characteristics of developing countries with implications for educational 
technology 

a. Tiers Monde countries can be extremely different on very gene^ 



(2) 

; (3) Perhaps lacking in specif ic technology, e.g. , input /output ' 
-devices for computers. 

(4) Increasing, leveling, or decreasing population. 

^ ,(5) Level of training of teachers. V 

bi A very large proportion of a Tiers Monde country's very small budget 
V goes into ieducat ion, but with relatively little effect on quite 
sizeable problems. 

I (1) Notice that in the USA, aljthough a small proportion is spent on 

formal education, very large amounts are spent by individuals 
and families on education-related supplies and activities : toys 
sports, hobbies, entertainment, etc. 

c. The technological gap between developing and developed countries is 
Increasing every day. | 

: (1) Computers and information sciences are contributing to t^iis gap, 
' perhaps one-hundred fold. 

d . Absolute numbers of illiterates are increasing in many countries 
because of population growth. The number of untrained teachers in- 
creases in a corresponding way in spite of teacher trainj.ng programs. 

e. The authority role for a teacher i<> typical in many countries by 
tradition. 

f. Many teachers have little general^^^^^^e 

I - and little knowledge of the subject being taught. V 

gv Educational problems are so severe in some nations , and increasing at 

such a rate, that some action must be taken, ^^^^^ a some effort made to 
I apply technology at V optimum points in the system. 

I ' ■ ' - ^. • 

(1) It is important to try for a mult 

teachers and the. trainers of teachers, materials development, 
. Ix^formation systems, and self-spreading programs. 

(2) Educational programs might make radical changes bypassing the 
evolution' of new techniques and practices apparent in dievelbped 
nations • ' ' 

This list of characteristics might 4^ experts 
within Unesco. ^ . , , , , , . 



Positions and points of view on questlons^^^^^^^^ Unesco Secretariat 

Jhe questions, drafted by Unesco staff in advance of the consultation (see 
Attachment V) provide the framework for summary of discussion and points of 
view. The wording of the questions has been reduced to topical phrases, 
and the arrangement has been altered to represent the sequence followed 
in discussion (original question numbers are given in parentheses). Addi- 
tional material was added by the rapporteur and individual participants ^ 
after the consultation; suggestions are Included for yet further elaboration. 

1- EXPLOIT UNUSED COMPUTER CAPACITY; PLAN FOR SHARED USES OH) 

a. Present machines and mode of access are not suitable. 

•The number and nature of the computers in Tiers Monde countries are 
sufficient for operating a major education program, although per- 
haps they are sufficient for some pilot programs. 

Many of the present machines cannot have tlme-sh except at 

considerable expense and without assurance of reliable operation. . 
Machines and uses would have to be carefully matched.: 

After the pilot phase is conpleted, the educational system cannot be 
expected to continue on its own funds and available technicians. 

• Schools V use of spare ti^^^ on commercial installations in USA and UK 
has on the whole been unsuccessful. 

Certain mixtures (of foreground and background) are ideal in theory 
but have not worked out , at least with the older hardware (e . g ; , I/O 
and CAI at Penn State ; data analysis and CAI on I»! 1500; administra- 
tive processing and CAl on RCA 70). 

Spare time use begged from a bank or other commercial institution has 

led to student-teacher frustration when the school's work has to be 

set aside at the end of the month and cut back overall as the bank's 
utilization increases. 

c* The cost of adding equipment to existing systems for tutorial computer 
use may be prohibitive; some computational and problem solving may be 
practicable. 

Tutorial uses generally require: * ' " 

terminal devices (incl^^^ capability) and terminal 

controllers; 

mass storage and channel capacity; 

/ computer clock. Interrupt control, storage protection* and other 
special hardware; 

: fCatUreS f Or ^^^^t^ 



Difficulties and advantages of spare time use. 



As implied above, simultaneous* use by schools and businesses is not 
readily implemented on existing^'systems; some systems have been 
engineered and installed just for multiple users pursuing different 
purposes, ' _ . 

Priorities of the primary user (owner) cause problems. When time is 
donated, educational uses^'should be selected for their relation to , 
the work of the primary (and priority) user. 

. . • ■ , . . ■ \. ■ 

Student "Jobs" can be. prepared on peripheral equipment and run oh the 
computer ii\ low use hoursv e.g. , at night. Curriculum materials and ^ 
aids cati be generated at night for off-line use as ordinary printed 
copy. ^ >. ■ 

On-line tutorial uses can be serviced through ai conmercial ins t alia tion 
if the owner Is willing to give priority to the school ^t-convehient 
times, for exampile, if he will turn over the entire/system for use by 
the school between 12 noon and 3:00 p>m. each day. 

Transmission. 

(1) Phones within a city must be ^tremely reliable to ^support remote 
computer terminals without frust:rating users by random e^ 
disiconnectlons . Minimiim standards are not met ih^^^^m^ 

\ countries. ' ' 

Tests can be run to determine the error rate and other problems 
which might arise. 

is ppssible to lay special lines over short distances dedicated 
to the distributed^^ i^ 

In some cases, radio, video cable, or microwave facilities may 
be availAle for shared use , 

(2) Cost of inter-city phonies is prohibitive iexcept for carefully 
engineered systems with considerable processing capability and 
data storage at the site of the user terminal. 

Special rates may be given for a time, or service provided free 
by the phone company, but then what? 

Eventually satellites should bring costs way down; microwave is 
a possibility for some areas sooner. 

Special'-^purpbse , ^ 

"Minicomputers" were introduced by pig 

a few years ago and have revolutionized the market and altered comr 
munica tion considerations .These machines can be purchased for $5,000 
to $15,000 and will do a considerable amount of useful processing in 



' ■ SSO^'oon or graphic terminal. For about " 

have large storage demands) . , ' - 

^t^$2'dD0-irrM^ ^rop ; srnall bu t general^liurpose coniputer processors: 

• ■ - announced. Compiiter storage ■also i^ 

inKr-r^r^T"' information is a requirem&f of ™a^^^^^ 
o^ ex" °Sli.l"'' '^f 

low c^^; ? "ssette recorders will provd de : tape storage at very 
low cost which can be conveniently transported by the user. - 

Some of the^minicomputers can be carried easily in the back of a car 

. : ::a^^^^^^^^^ 

Sound design of an^ educational system using inirii computers probably 
would provide for back-up with a large computer and^central tile 
mnicomputers woMld "call in" when additional processing pow« 

new files were needed. New Information. can also be provided by mail- 
Ing minicassettes to the computer sites: ^ 

Attachment I J? f°^'^°n'P"te included as 

r an^ hthS d^;..V ""^^^ 

( and other details on thes^ varlous^ m^ of access for use bjr Unesco.^' !^^ 
COST OF USE AT PRESENT AND IN THE NEAR FUTURE dm 

,^4t-can only be misleading to quote general figures or even specif irone? 

mat:lon is put to use in anyjspeclflc situation. xs, xnior 

a. Per student hour of "lnstriiction" Co^^^ ■ ^ 

„^ ^ Future 

Guestimate" Present Ran^e ( About 5 Years ) 

hardware and system 
software (purchase and 

maintenance; lease or - ■ 

rental) $2 : ($;25-$30) 



operating staff : 
f.echnlcal and educa^ 
tional,^ (in connection 

with terminal use) ' . $2- ($1.50-$A0) 

curriculum development 

per instruction hour $1,000 ($2o4lO,o66) 

when ammortlzed over 
, small numbers, e»gi, . i 

100 user sf before re- 
V yisioh or replacement 
of the material $10 



$.20 

$4 
$200 



: - : ^ $2 



■ .:: ■ Future' ■ 

- " Guestimate " Present Range (About 5 Years ) 

: when 1^ . 
:^ye.g, , 1^000 users 

•t^ - 

the future $1 $.02 

Means for reduction of cost. ' . ' 

Increase number of simultaneous users on system. 

Provide background use which maximizes work accomplished by system 
without interfering with on-line student use in the foreground. 

Reduce storage and processing requirements of exercises by storing 
on microfiche and selecting with computer or Special-purpose device.* 

Distribute curriculum development costs oyer more students by: 

planning and management; 

economic Inducements to authors and institutions to "sell" 

means to facilitate transfer to another, user site, e. g . , machine 
■/independence or docu 

Arrange for use by 2 to 6 students at one terminal, >lnterac ting 
benefit together using about the same amount of computers' 

'resources that one might uSe alone. 

Encourage some of the on-line* users to move off-line if their needs 
can be served as well in that mode . Much of simulation, problem 
solving and text ; proces s ing act ivities can be done in off- 1 ine mode ; 
much of tutorial and drill material cain be presented in AV or printed 
formats. , 

Per "student-hour-of- learning" is a better measure of cost. That is 
to say, analysis of costs should recognize learning objectives 
achieved per unit of cost. ' 

Although most discipline areas lack unambiguous units, the essence of 
the matter is learning accomplished. 

Measure of, achievement permits comparison of economics of off-line 
and on-line uses, 

"Side effects" such as attitude towards discipline, education, and 
technolojgy shape a. cost analysis. The computer may make quite signi- 
ficant contributions well worth the additional costs if the attitude 
of students is significantly improved. 



e. MinimuiB cost necessary to get started. Figures could be obtained 
for a number of low-cost projects in the USA and presented with com- 
• plete descriptions of budget and activities. i One borrows time on ' 
, another computer and never gives many stude^nts experience with the 
- ; <^°"P"'®'| Wher leaves most of the programming up to the students 
and teachers but provides convenient acces^-' to the machine for ample 
, periods of time. ' 

In considering the costs of introducing educational technology , some 
attention should be paid to the value of learner time: the cost of 
schooling, the delay of his productive contribution to the country, 
and the personal inconvenience experienced by the individual. 

An expert should be asked to forecast the decreasing costs of com- 
puter resources in the context of educational use requirements. 
Rand Corporation in Santa Monica, California, has a study in progress 
which may include- such a forecast.^ In any case, Roger Levien, of 

System Sciences at Rand, should be consulted before action is taken 
to initiate a new study. 

3. THE FIRST APPLICATION; LEVELS AND COURSES (it'i^ 

Among the many ways to approach this question: 

. a. High need in the country for training: ^ 

Technicians-;- .^^ • 

/■ ^Teachers' :;v: ' '--^ 

Professionals -v- • \ ■. 

Hi^^ 

;Rfiduce cost thrpugh CO 

Perhaps more importanc, extend trainee's access to information and 
his opportunity to practice while learning. 

c. Characteristics pf s^ib ject areas that might be taught by computer: 
liow rate of change, ^^^^^^^^^ 

Measurement of performance is possible and confirmation of good 
performance facilitates learning, as In language pronunciation or - 
experimentation with physical systems. 

Information processing faciJitates understanding as in ' 

math without firlthoetlc, or . ' " . 

physics without calculus. „ . . 



■ Special populations a 

Young children 1^ skillsV 

Illiterate adults^^^^^^^^^ 

^ Those deficient in some sensory modality or psychomotor skill. 

Professional trainings in which informatl processing (for decision 
maklngj.etc;), is very important. 

Learners lacking in motivation for training, at least in the context 
of preisent classroomCpractices. 

e. Relevance of. computers to the course of instruction. 

Administrative uses. 

Training computer users, technicians, and other iuformation processing 
specialists. 

Training other technicians on (per?xaps special-purpose) systems. 
- Educating teachers In infon.^ation sciences (coraputers) . 

' f • Indireet use in deve learning materials which need not 

!: be delivered directly by computer. . ' - 'i.- ' .y^:^^-^ 

A labo providing data on performance and a 

means for rapid revision before further testing; ' 

A too^ checking the suitability of texty for example, through 
indl<:es of readability, comparison with lists of technicar terms, etc. 

8? Indirect facilitation of the introduction of new technology into 
education. '<y' : '^y-' " ■"•-■'.^■•V' . ';V^■■^^'" * 

Direct instruction of new teachers regarding computer uses and con- 
tributions to education and society. 

General education in the community for parents, employers, and 
-"eldersv" '-^^^^^^ ■ ^ 

In summary , the rate at which computer uses are being introduced into the 
pl^asrooms of developed countrii^^ 

for different kinds of uses. One casual forecast follows. Training in cpmr 
puter use for a few is likely to come, early ; education about computers in 
;Socie ty will : follow soon for many ; specif ip- uses in mathematics and sciences . 
;(and later the humanities) are inevitable but may be slow in coming. tAI on 
^, wide scale will be achieved last because: 

vK^^^ the most expensive per student or course; and 

^ other ways exist to achieve the objectives sought by CAI. That is. 



i nt L i at 1 in s iniu ) a ci c m ^.tiiir:^, i-oUi^) bui.ia.nv,, : ]. r. ..; 

to '^■.v-i'K^ v/i;et[ier he i\o;ci.h^ vxon^ prat; li^cc, '^.^ i l-i -b.-i:.-!)! i i .- r ..^ . .j.,.. 
suiwt •SLipplenieiUary cxp iana c i on ,^ or -can ;^ k i l1m.-:» . ;.^ ■ .^^.r^.l . ■ .. > = - 

aurnor^s prepared seqiuMii.'j . , ^ 

The v'arietv of cpliioiii^ avai.Uibie l6 -teachers and lU'-KMilTb i r • 
ing now Lhat: s.ystems pr-viously Jedicaticd -Lu i^aoriril CM .tm. r.. lu; 
■expamied fo- include other modes uf use,- and a gr^o^t propt^nlun or ,^.;v. 

■ projG: t^^ on i pstructioiial uses o covtipviters are jhe- Inning ->a ^..-1:^^ : c^ii - ■ 

■ purpose systems havLuR .i-acf.Litv lar problem sqIv.i^m^; and In to rn.a. lorv 
V V ret ra eval al ong with proi::Tani-obi:itro:i.Ied tuiorxaj... . . . , 

..d.^ Learning exercises ari- b-. In^ progr^^mmed to be riorc interactive' m: the . 
ser^se that th'e iVser can interrupt the program If, -ror o.XcUn]. Ic^ u^-. 
beJ levco it to prov.ddin^< hira wilh too niin-h dclail; or can t<.st 
out a pdi-tlally rormnlatud id'ja and get souk- use^tull altiion^.ih p.-rLi.-M^ 
response from the' computer to use a- 'a basis for lurthe.r w^^r'.N, 

e. ^Hie comnuccr roltj as an aid or [jiiiper appears no;, lo be at luast as ^ 
important as the rd j e of oxami'ner or driJJ master prL-vIously ..et Xor 
it. • - 

- i\ The affeciivc dcnnain 'of outcomes is receivings nioro ihoughttnl aLlen- ■ 
tion now. Lesson desig[ier^5 are no longer trying to makcd Ihu ^. ..jputor 
appear human by incorporati^ifj the --uudent^s namo .-nd olhervjjst-t b^an 
• -"chattv /^ put are at tendiii.e, . to ■ the/interes ts and., a 1 1 itudes cJ student 
• ^ 'may express. > . . > * 

■ .j;. What- soma have calJed the 'M:yranny of content'.: dj; , courses and n^^^^^ 
' " is being replaced by greater attention to acqirirang procedures ixnd _ .:^ 
skills which shall be of m \rc .s>eneral use than ispecifu: tacts. ■ 

ir ux'pert^ rnLgh: 'be asked. to reviev; ^-urrent uses in the context oT Tiers Hunde- 
eods, and th- opportunities for large gains In education throu^iU technoloj^y 
pplied to encourage significant qua! i tative changes iii goals and mcaiu-- . 

Levels, subjects, and Umguasoy of ipajor efforts Ln.rhe USA, 



J 



Math and reading ibr 6-11 year o Ids' developed at Stanford Und .ersity 
using TSA assembly Luvaua-e tor the Pi)P-l (and ir^ore , recently a TDl-ia^; 
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Remedial math for 18-20 year olds entering college developed at the 
University of Texas using Coursewriter II and a "general notation" 
for authors* 

Second language instruction in German for 18 years plus developed 
at IBM Watson Research Center and SuNY at Stony Brook using an ex- 
perimental Coursewriter r^nd later Coursewriter II, Stylized exercise 
forms make thic course and other course material developed at Watson 
Research Center by this technique easy to transfer to other systems. 

Second language instruction in Russian for 18 years plus developed at 
Stanford University using TSA and assembly language for the PDP-1 
(more recently a PDP-10) . 

Second language instruction in Russian for 18 years plus developed 
at the Department of Defense Language Training Center at Monterey 
using stylized forms (assembled in Coursewriter II). 

Diagnostic tests and guidance in physics for 18-20 year olds entering 
college developed at Florida State University using Coursewriter II. 

Refresher course in the "new math" for teachers developed by the 
Pennsylvania State University using Coursewriter II, 

When it becomes important to know about nearly all work done (the list 
above is only a sample), two or more of the information sources in 
Attachment II should be contacted. For interpretation of effectiveness 
studies, a consultant who is well informed about instructional uses and 
evaluation should be recruited (See Attachment IV), 

b. Effectiveness and cost relative to alternatives. 

In general, computer use is more costly than alternatives although 
for some modes of use and some topics of study, there exists no 
reasonable alternative to student use of a computer, 

A number of the evaluative and comparative studies report a saving 
in student time. Because researchers persist in global comparisons 
of "traditional" with "experimental" (finding "no significant dif- 
ferences") , decisions to change continue to be made without the 
benefit of experimental findings. Comparisons can be made which 
are useful in the decision process; the researcher who wishes to 
make a contribution must adopt an engineering or developmental 
orientation. 

A few studies report greater achievement, especially for the "dis- 
advantaged" student, that is, those who do not study effectively by 
themselves, or do not respond to the teacher in the classroom situation. 

Usually the comparisons between computer mo ' and non-computer alter- 
natives (text, film, lecture, etc) have not allowed the alternative 
the same careful analysis of objectives and means, or some other 
motivating component such as three-person games. That is to say, the 
contribution of the computer component in particular has not been 
singled out yet. 
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The philosophical framework of some computer uses (e.g., for creative 
activity on the par^ of students and teachers) does not allow for 
objective evaluation, at least within that framework. Assessment can 
be done by "Judgement of experts'' or by construction and application 
of objective measures of outcomes by an outside observer. 

c. Implications for developing countries. 

Few, if any, of the existing learning materials can be adapted for 
use in developing countries. 

Introduction of technology and a well**ehglneered curriculum appears 
' to be an effective way to bring about change now, but it Is probably 
not necessary to use computers to accomplish those aims. 

6. PREPACKAGED SYSTEMS; AVAILABILITY AND APPLICABILITY (#11) 

a. IBM 1500 Instructional System with 32 terminals (although many uses 
overload the system with 12-16 simultaneous users). Math drills are 
available from IBM, and various courses from different R&D projects, 
a few of them mentioned in the Interpretation for Question /^5. Many 
of the curriculum packages prepared for the IBM 1500 will be listed 
in one of the course abstract files mentioned in Attachment II. The 
1500 is research-oriented and relatively expensive per hour of student 
use; IBM deliveted about 25 systems. A current view of how it might 
be adapted for "production teaching" could be obtained from Bunderson 
(University of Texas, see Attachment IV). 

b. Math drills have been delivered in^ New York City Schools using an RCA 

70 Instructional System designed to handle about 200 teletype ter- 
minals; up to 150 have been serviced simultaneously so far. RCA*8 

71 Instructional System was just delivered to Waterford Schools In 
Pontlac, Michigan, and will support .^bout 50 terminals with audio 
playback and viisuals projection. Some projects running drill materials 
from an RCA 70 have since acquired some number of PDP-8*s which can 
service 16 to 32 terminals for much less per student hour than the 
single large system, in part because the PDP-8 software is set up to 

do just the drill format. One such package, prepared by Information 
Control Systems, Ann Arbor, is in use in the McComb County Schools, 
Mississippi. 

c. Other firms offer CAI software for their machines; among them are 
Univac Divirion of Sperry Rand, G.E. (General Electric), Honeywell, 
and Control Data Corporation. Small general-purpose systems with an/ 
educational orientation .have been offered by Digital Equipment Cor- 
poration, Hewlett-Packard, and others. 

d* Information about some new systems can be obtained directly from the 
designers working at universities and non-profit institutions. H. 
Dean Brown, of Stanford Research Institute has describisd a single 
terminal on a minicomputer which can be ushed by more than one student 
at a time (about $15,000 purchase price). Donald Bitzer Is construct- 
ing for the University of Illinois a giant system (4,000 terminals or > 
more) using a large CDC machine; his present operating system is based 
on a CDC 1604/ 

o • • 

iQ This section should be filled out and brought up to date, perhaps by Zlnn, 
mm Stolurow, or Oonlo. 
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IN-SERVICE TEACHER TRAINING (//6) 

a. Some examples In the USA. 

The Pennsylvania State University CAI project, in collaboration with 
the Pennsylvania State Department of Education, moved an IBM 1500 . 
Instructional System around the Appalachian region of the eastern,. 
U. S., providing a refresher course in mathematics for teachers. 
The equipment spends seven weeks at each site before moving on. 
In the fall of 1970 they hope to drive the* same system around in 
a van. 

A project in Oregon has an IBM 1130 in a truck to bring computing 
directly to students as well as the teachers of mathematics. 

The Digital Equipment Corporation PDP-8, and others of its size, 
have been carried about with a single typewriter terminal in the 
trunk of a car for demonstrations and training. 

The INDICOM Project in the Waterford Schools, Pontiac, Michigan, per- 
haps has done more training of teachers than any other single project 
Each year about 40 teachers in the system work duting the summer (and 
extra hours during the school year for extra pay) to learn to use 
computers for instruction and to prepare computer-based learning 
exercises themselves. 

b. Potentials. 

Presumably remote-access computer systems will distribute the best 
self-instruction materials to any part of a country, circumventing 
the usual barriers of teacher time, travel, expense of, and limited 
availability of master teachers (live) , and failure of unsupervised 
trainees to follow through with self-instruction booklets. 

Effective computer-based learning exercises for in-service teacher 
training should be the be.st means of developing a favorable attitude 
among teachers in the field toward the new technology. If they learn 
and enjoy and perceive the economies, they will be more likely to 
adopt the innovation 'for their own classes. 

In-service training might be established by a "bootstrapping" 
technique: a few teachers in the first class themselves become 
"trainers" under the supervision of the original "trainer," and so 
on, spreading out through a schoo^l ^system. 

Ci Problems. 

In-service (and pre-service) training will not succeed without a v 
change in organizations: crucial factors are the reward system for 
teachers, the supervision in the field, and the opportunities for 
students to benefit from the individualization achievable through 
the new technology. 
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In-service training programs in the USA rarely show measurable 
' success. Pre-service training may be a better investment of 

limited resources; classes of the present teaching force might be 
reached directly through improved libraries (learning resource 
centers), special activities (math, science, and computer clubs), 
and remedial training (community training centers). 

Resistance of practicing teachers (and established administrations) 
can be considerable. It may be more practical to begin new institu- 
tions, which can incorporate innovations (and promote change through 
the entire educational system), than to struggle with existing 
institutions. 

8. MASS APPLICATIONS CONTRASTED WITH MICRO SYSTEMS (//7) 

The responses to question #5 include references to at least three systems 
of considerable size> the RCA system for up to 200 simultaneous users 
(installed initially in New York City), the IBM Field Engineering System, 
and the proposed 4,000 terminal system for the University of Illinois. 
Specific implications of these (and applied use of smaller systems) for 
a very large-scale effort In the educational system of a developing country 
should be obtained from a consultant given that particular task. 

All large-scale systems have been justified for other than the training 

or education accomplished. The New York City project (with RCA) is a 

pilot experiment to identify the problems and demonstrate the possibilities . 

• The IBM Field Engineering operation provides administrative data and more 
detailed learner records than possible with the same material in printed 
format. Training components of the airline reservation systems concern 
the very equipment and procedures already in use by the operator day-to- 

■ day. 

9. TRANSFERABILITY OF INSTRUCTIONAL MATERIALS AND PROCEDURES (//lO) 

a. Computer language. 

Differences in language often have obstructed translation of a procedure, 
even from one dialect of Fortran to another. However, this barrier 
can be overcome through proper documentation of the procedure, the use 
of meta-cbmpilers and extensible languages, and the separation of the 
curriculxim information (data file or instruction content) from the 
procedure program (presentation strategy) . Actually, translation be- 
tween languages is the least of the problems of transferring learning 
exercises from one area and institution to another. 

b. Hardware-software configuration (the system). 

If the use of one system exploits very lavish display and response 
capabilities for the student, translation of programs to lesser systems 
requires new judgement about how best to present a message or accept 
a response. 
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One system may provide for conmunication among terminals, attachment . 
of special auxiliary equipment, and other functions now ordinarily 
available in current instructional systems. Research-oriented 
systems should be expected to be in some sense "beyond" the capabili- 
ties of operational systems; and, therefore, the most current work 
may not be transferable to existing operational systems. 

Donio might be asked to develop a detailed statement of translation 
problems at the technical level (character codes, control codes, 
records formats, data structures, supervisory systems, etc.) with a 
reading by Zinn. 

c* Substance and procedure. 

The crucial factor is acceptability of foreign materials for students, 
teachers, parents, etc. The objectives and (in particular) the means 
may need to be adapted in each new situation. For example, the 
critical, questioning attitude developed with one group of learners 
• may not be acceptable in another country—sometimes such differences 
account for failure of materials transported from one classroom to 
another in the same school system! 

..■"■'■^t ' ■■■ ■ ■ ' ' ' ■ ■ 

According, to the assumptions (and related research findings) of in- 
structional technology, one should not expect materials developed for 
one group of learners to work for another without new trials and per- 
haps revision in each new situation — with each new group of learners. 

The difficult problems of translation from one language to another 
(e.g., idiom, connotation, and context) are small when compared with 
the problem of translating structuiral elements and methodological 
approaches. Studies are in process (e.g. , one involving Canada, 
England, and Japan coordinated by Unesco) ; and one may hope that 
translation from one non-technical society to another will encounter 
fewer problems than from a society already complicated by technology* i 

For some disciplines (and for some learners), the construction of a 
discipline-oriented system is practical as a framework in which 
educators (including local teachers) build their own lessons, and ^ 
students construct exercises and demonstrations for each .other. 
Although attractive for an economically and technologically developed 
country which is rich in educational resources, this approach appears 
to be of limited use in a developing country attempting education re- 
form on a largie scale. 

10. COMPUTERIZATION OF ENTIRE COURSES OR JUST PARTS OF COURSES (//8) 

The computer is an expensive page-turner and device-controller. Most 
learners are able to manage individually quite effective use of 
books, tape recorders, and simple movie viewers; and these media com- 
prise a large part of an instructional package. In fact, computer control 
has (at least in some exploratory studies) interfered with effective 
. use of essentially non-computer media. 
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The computer-based system mav be cost-effective for entire course pre-, 
sentations where high need (e.g., technx^cal and professional training) 
combines with learner' deficiencies (e.g., low motivation, sensory de- 
ficiencies, and conceptual chasms). Of courae, the computer will 
usually be an artificial aid and should, as part of the training pro- 
cedure, be replaced in such cases by factors which will operate for 
the handicapped person in the real world: sensory feedback ordinarily 
available in daily living, motives connected with useful rewards, and 
-conceptual structures to perform and continue learning without the 
.computer crutch. 

Although many schemes must exist for identifying courses and particular 
learning exercises where computer contributions may prove significant, 
few have been verified or discussed in publications and technical reports. 
Zinn uses a checklist in consultation with faculty at his university 
(including items such as discipline relevance, procedure base, feedback 
required, data base, frequency of revision, alternative means, etc.). An 
expert mighr be commissioned (see Attachment IV) to reyiew the identif i-r , 
cation (and development) techniques used by Zinn, Stolurow, Leith, 
Silberman, Donio, Brown, and others and to assemble a composite guide 
with interpretations by the individuals referenced. 

A complete analysis of the computer contribution to entire courses will 
include the costs and success of whatever teacher training may be 
necessary to isupport effective use of the computer in separate com- 
ponents of a course which might otherwise remain isolated and ineffective* 
Effectiveness per unit cost will sometimes be greater if curriculum 
components not ordinarily benefiting from computer presentation are 
included along with others in a single package so that success of the 
total curriculum need not depend on human intervention. 

Most full courses deal with substance which is essentially human, or for 
which discussion with other persons is a desired end. Therefore, it is 
difficult to conceive of situations where entire courses will be pre- . 
sented entirely by machine without interaction with adults designated 
as tutors, discussion leaders, counselors, or teachers. Perhaps sufficient 
interaction follows from typical conversations with peers, parents, and 
acquaintences. However, the teacher can in some limited sense represent 
the outside world in which the learner is expected to use his new knowledge 
and skills acquired through interaction with automated, self-instructionial 
devices. 

11. TRAINING FOR TEACHERS IN COURSES ASSISTED BY COMPUTERS (// 9) 

The training, of course, varies with the approach taken. At one extreme, 
the teacher participates in the preparation of the materials and exercises; 
and the training problem is pushed back. to the stage of preparing the 
teacher for computer use and curriculum preparation. At the other extreme, 
the entire instructional process is taken over by the computer and associ- 
ated software; and the manager of the system only needs to keep teachers 
and others from interfering. Typically, teacher training is a problem 
where curriculum packages and other aids are introduced into existing 
systexDB. 
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Part of teacher training for effective computer use should consider, 
computers and information sciences In general and . In suitable roles 
for instructional technology in education. 

Probably modification. of the incentive structure within a school will 
change the teaching activity and effort of various contributors to 
student learning more than in-service teacher training. Revised salary 
structure and perhaps bonuses provide incentives, but released time is 
also necessary to allow time to prepare for innovation^. At present, 
attempts to^ Innovate usually are penalized by the incentive structure. 

12. RESOURCE PERSONNEL (tf3) 

a. General considerations. 

Visiting resource persons who play a significant role in operations 
in a Tiers Monde country generally would stay a minimum of one year. 
A university professor ordinarily would wish official leave from his 
own institution (in order to return after one to three years). Some 
individuals might be obtained for an innovative project through joint 
agreements between institutions , in two different countries. 

In addition to professors, an innovative project should tap available 
managers and technicians from business and Industry and effective 
teachers at the "grass roots*' level in the educational system of a 
technologically developed country. - 

Probably the system planners and technicians will be found more 
readily than those capable of planning and writing new curriculum 
materials. 

A project cannot count on finding resource persons in sufficient 
numbers from other countries, nor can continuity be maliiitalned if 
persons from outside friequently rotate through the project. Selection 
of a strong skeleton staff and an aggressive training program should 
receive immediate attention. 

b. Strategy for installation of equipment and systems. 

A "leap frog" or "bootstraps" approach can help proliferate effective 
innovations. Although the first installation team may depend almost 
entirely on expert outsiders, it should include potential local experts 
and participating observers from the next likely site for introduction 
of ±he technological innovation. The iiucleus of an effective instal- 
lation team wll^ then move to the next site, with fewer outsiders 
required^ and' with participating observers from still other likely 

Initial training and indoctrination might be at sites of technological 
innoyatlon in other countries through internships and other working 
arrangements. Then as each new project in a Tiers Monde country helps 
pther|3, reliance on personnel from outside the country is diminished. 
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c. Directories. 



A directory of persons in the USA could be assembled by Zinn or 
Molnar or another expert with broad knowledge of the field and its 
personnel. A few very select (and probably short-term) consultants 
are suggested in Attachment IV* 

ENVIRONMENTAL /ECOLOGICAL FACTORS (#13) 

a. Pedagogical. 

The computer-based material cannot be introduced as an independent 
element of a course; one must consider other components, the context 
provided by other courses, and the longer term implications of com- 
puter use. 

Success of computer components may depend on preparing teachers to 
complement and add to the learner Vs work with the machine. 

CAI (in the sense of program-controlled tutorial) appears to be more 
likely to be adopted by teachers and students who understand computer 
functions and uses, especially in an environment where technology is 
uncommon. A general "literacy" with computers also leads to the 
introduction of computers as discipline-relevant tools for learning 
and teaching. 

b. Man-machine conditions and reactions of users. 

Some media and some uses of computers are more prone to rigidity and 
to preserving present practices. The report of a Ford Foundation 
study on Instructional Television points out the problem of a new 
technology only crystalizing what had been done before. Drill and 
tutorial modes of computer use are especially susceptible to this 
error. 

c. Sociological and anthropologic£il factors. 

Significant computer uses should also recognize the role of the 
teacher and parent and peer. Does the self-study experience help 
the learner to work more closely with his teacher; is the learner 
proud to show this new device to his parents; do , they support him 
in its use, etc.? 

Effective leadership for imaginative use of technology must be | 
fostered. The established authority structure may not recognize or _ 
accept those teachers most able to lead. How are innovators to 
identify the potential leaders who may be "young mavericks," and 
encourage them without seriously disrupting the system? 

Acceptance of computer technology for learning and Instruction may ^ 
be furthered by: first promoting computer "literacy" among the 
teachers and administrators. That Is, the innovative program should 
include early in its time schedule an Introduction to computer functions 
and uses for all educators who will be involved, especially in an 
environm^ent: where such technological aids previously have not been 
known or used. , •. 



Introduction of the computer as an aid in the instructional process 
may be most easily achieved by introducing th^e computer first as an 
aid in the study and practice of the discipline or topic* In. other 
words, the teacher-scholar might first see the relevance of computers 
and information processing in his discipline (or scholarly work in 
general) 9 and then more readily accept automated assistance with some 
parts of the instructional program. 

d. Linguistic. 

Learning and using a computer language may help the same student study 
with other "formal" languages (in mathematics and sciences)* The 
computer can be used by a learner to test his understanding of lan- 
guage and procedure in various disciplines. 

Working within the constraints of a computer language may help a 
student to understand the nature of "natural'* languages and to 
appreciate the need for them in spite of ambiguity and indefiniteness. 

e. Educational psychology and child development. 

Computer technology should help rather than hinder those who wish to 
attend to the diverse needs of individual children. However, when 
technology is misapplied, it may produce undue attention for fact 
instead of process, group norm Instead of individual achievement, and 
omnipotence of machines instead of an improved view of self. 

f. Administration. 

■ - \. ■ . ■ ■ 

For all the advantages of the systems approach to administration and 
planning, the label haw>9 been misapplied, at times, to Justify an 
overly rigid scheme for management, covered by an elegant and logical 
statement of goals and procedures.; Sometimes the casual even "sloppy" 
application of systems^ principles proves more adaptable to local 
situations and more effective for local administrators. 

TIMING FOR INITIATION OF A PILOT PROJECT (#14) 

The state of instructional technology and computers, the problems of 
education, and the Impact of computers on society are such that the 
initiation of pilot projects is quite desirable. 

Conditions for initiation of a project in a particular country are 
given in general in the guidelines, and in particular in the statement 
about the proposed project in Spain. Both these documents have been 
provided separately. 



